The kinetics of SrTi0 3 formation from equimolar SrC0 3 and Ti0 2 (anatase) at the temperature range from 1021Κ to 1207 Κ in argon atmosphere was studied. The fractional conversion was determined from the content of SrTi0 3 using X-ray diffraction quantitative analysis.
I. INTRODUCTION
Chemically based techniques like metallo-organic precursors l\l, sol-gel and the co-precipitation of oxalates are frequently adopted to produce fine size powders of compounds with perovskite structure, such as BaTiOj and SrTi0 3 /2,3/. The solid state reaction between an alkaline earth carbonate and titania powders as a conventional method is still being used to form these compounds at relatively low cost and high productivity. BaTi0 3 In the present work, the formation of SrTi0 3 from strontium carbonate and anatase powders in the temperature range of 1021-1207 Κ has been studied.
The microstructure of the sample after high temperature calcination was characterized by using scanning electron microscope (SEM) and transmission electron microscope (TEM Figure   1 shows the experimental setup.
The crucible was enclosed in a basket made of FeCr-Al wire for the sake of operation convenience. When the even temperature zone of the furnace reached a stable and predetermined temperature, the crucible at room temperature started to be lowered down slowly from the top toward the even temperature zone. The temperature fluctuation in the even temperature zone caused by lowering the cold crucible was limited within 3K. Timing started when the crucible reached the even temperature zone. After the pre-determined period of calcination time, the crucible was quickly taken out from the furnace, then the samples were quenched in air and prepared for the micrographic observation and XRD measurement. 
XRD measurements
The conversion ratio, usually, was determined by several techniques involving XRD /11' and collection of gaseous species like C0 2 produced during the reaction /12/, or by dissolution of one of the reactants followed by electrolysis /13/.
In this work, XRD quantitative measurement was adopted for determining the SrTi0 3 content after each run of the calcination. The measurements were performed using an instrument of model DMAX-2500 made in Rigaku Corp, Japan. The parameters for the measurements include a scanning speed of 2°min"', Cu Κα radiation of 40 kV and 100 mA. The total interval of 2Θ was from 24 to 34 degrees. This range covered all peaks used in the measurements.
The SrTiOj content was determined by comparing the integrated intensity of diffraction peak ol SrTi0 3 with that of Si powder at a fixed mass fraction of 0.25 as an internal standard. The respective diffraction peaks
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of the (110) plane for SrTi0 3 and (111) for Si were used because they possess the highest X-ray diffraction intensity in each compound. The conversion ratio of SrTi0 3 from SrC0 3 -Ti0 2 mixtures, a, was determined by the equation:
" -*,· v 1 ;
where kf is a calibration constant, defined as an integral intensity ratio of the XRD peaks of the (110) plane for SrTi0 3 to that of (111) for Si powder at an equivalent mass fraction mixture of pure SrTi0 3 and Si powder. The compound samples were prepared by mixing homogeneously the samples subjected to the calcination with the internal standard Si powder. w s is the mass fraction of Si powder in the compound samples, in this case, h> 5 = 0.25. /, is the integrated intensity of diffraction peak of the (110) plane for SrTi0 3 in the compound samples and l s is that of the (111)plane for Si.
Special care was taken in the sample preparation so that a better accuracy of XRD measurements could be obtained. First, the powder sizes of internal standard, silicon powder, as well as that of the calcined samples were controlled less than 2μπι. Secondly, the two kinds of powders were homogeneously mixed with ethanol in an agate mortar for 30 minutes for preparing compound samples. Thirdly, each compound sample was repeatedly subjected to XRD measurements three times, and the deviation was required to be less than 1%. The average obtained from three repeated measurements was taken to generate the conversion ratio of SrTi0 3 from the SrC0 3 -Ti0 2 mixture in each run of the experiment. Under such conditions, a better reproducibility and accuracy of the experimental data would be attained in the present work.
RESULTS
SEM (Model S250 SMK3, Cambridge) observation was carried out for all the calcined samples after quenching in air. Figure 2 shows a typical crosssectional SEM micrograph for the samples after calcination. It shows a porous matrix of sphere particles F.xhaust gas
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Between Strontium Carbonate and Anatase The compound samples were prepared by mixing homogeneously the samples subjected to the calcination with the internal standard Si powder. Figure 7 shows a Table 3 Models used in kinetics analyses of the present investigation 
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typical XRD pattern of the compound sample. The peak observed near 2ö=25°is a overlap one corresponding to the most intense diffraction peak of (111) 
DISCUSSION

Data analysis
Since the first kinetic model for solid state reactions between powdered reactants was formulated by Jander As shown in Table 3 , the equations adopted in the present investigation are commonly used in the kinetic analyses of isothermal reactions of powders. For the sake of convenience, each equation is designated using a two-letter symbol in the first column of Table 3 . The experimental determined a value in each run of the calcination could be converted to the f(a) value according to the model selected from Table 3 . The f(a)
were analyzed against time t by linear fitting, and the models in Table 3 Figure 8 illustrates the fitting results using model D4, while Figure 9 is a similar figure for fitting using D5. Figures 8 and 9 show that the lines for all the temperatures exhibit a perfect linearity except 1021K. 
Reaction mechanism
There are several stoichiometric compounds in Sr- 
, (4) and (5) Taking the above analyses into consideration, the reaction mechanism could be speculated as that the reaction starts with the initial formation of SrTi0 3 covered on the surfaces of the Ti0 2 particle cores, and Sr 2+ ions then diffuse through the SrTiOj layer, gradually converting the particles to SrTi0 3 . The overall rate of the reaction may be determined by the diffusion step of Sr 2+ ions through the SrTi0 3 layer.
To confirm the above mentioned mechanism estimation, further experimental work is desirable, especially the high temperature dynamic observations of the micrograph and crystal structure when the reaction is being proceeded. As one of the efforts, high temperature XRD measurement is being carried out in this laboratory.
CONCLUSION
Formation of SrTi0 3 from equimolar SrC0 3 and ions through the SrTi0 3 layer. However, in the temperature range of 1021-1061 K, the reaction mechanism exhibits a tendency to alter the rate controlling step from the diffusion to nucleation.
